1. Introduction
===============

Preeclampsia (PE) is one of the commonest complications of pregnancy, occurring in 3 to 5% of pregnancies and is the main source of maternal and newborn child mortality around the world ([@b1-epj-10-6186]). This complication is one type of hypertension unique to pregnancy that can influence any organ ([@b1-epj-10-6186], [@b2-epj-10-6186]). PE is defined as blood pressure more than or equivalent to 140/90 (mmHg) following 20 weeks of pregnancy with proteinuria more prominent than or equivalent to 300 mg for 24 hours, protein/creatinine proportion more than 0.3, or a dipstick test result more than or equivalent to +1. Its rate of occurrence is between 3 to 7% in nulliparous and 0.8 to 5% in multiparous, and is especially high in twin pregnancy ([@b2-epj-10-6186]). The complications of PE include disseminated intravascular coagulation, placental abruption, renal failure, severe ascites, pulmonary edema, pleural effusion, cerebral edema, eye problems, and edema of the larynx, liver hematoma, acute respiratory distress syndrome, and maternal and fetal mortality ([@b2-epj-10-6186]). Early diagnosis of this complication may ease the change of the result of pregnancy by expanding the checking of the malady with early beginning of suitable remedial intercessions ([@b3-epj-10-6186]). For getting the above-mentioned solution, assessment of various biological, biochemical, and biophysical indices associated with PE pathophysiology are suggested in the early stages of pregnancy or during pregnancy to predict the occurrence of this malady. Researchers made efforts to specify indices of early stages of placenta formation, placental perfusion problem, endothelial cell activity, and dysfunction and activation of the coagulation system ([@b1-epj-10-6186]). A spectrum of biochemical markers has been suggested to predict or assess the progress of PE. Endocrine cases used in research for predicting the occurrence of PE syndrome are HCG, αFP, sterol, PAPPA, activin A, Placental B-protein, and CRH ([@b1-epj-10-6186], [@b2-epj-10-6186], [@b4-epj-10-6186]). Inhibin, which is one of the markers, is a glycoprotein hormone that belongs to a superfamily of transforming growth factor and is composed of alpha beta A (inhibin A) and alpha beta B (inhibin B) ([@b5-epj-10-6186]). Corpus luteum is known as one of the sources of inhibin A in pregnant women. Recent studies have shown that the origin of inhibin A is a placenta-fetal unit ([@b6-epj-10-6186]). During pregnancy, inhibin A level is greatly higher in maternal serum. Its value falls in early pregnancy from 8 to 13 weeks and 15 to 19 weeks, and then goes up till the peak is reached at the time of the term ([@b7-epj-10-6186], [@b8-epj-10-6186]). Women with PE have drastically higher levels of activin A, inhibin A, and pro-alpha C ([@b9-epj-10-6186]). Numerous studies have suggested the connection between levels of inhibin A and the process of pregnancy, including that inhibin A in the maternal circulation is mainly from placental trophoblast during pregnancy ([@b10-epj-10-6186]) as the concentration of maternal inhibin A decreases right away after removal of placenta ([@b9-epj-10-6186]). Furthermore, it has been shown that the increased levels of inhibin A are related to many conditions in the placenta, such as hypoxia, infection, and fetal-placental malformations ([@b10-epj-10-6186], [@b11-epj-10-6186]). Thus, the measurement of inhibin A during pregnancy may clinically have valuable information for monitoring placental disease ([@b11-epj-10-6186], [@b12-epj-10-6186]). Studies were conducted in Iran to investigate the relationship between biomarkers and pregnancy outcomes in mothers and fetuses. However, they have not mentioned single inhibin A assessment and its value in predicting PE ([@b13-epj-10-6186]). Thus, the use of inhibin A, which is one of the markers assessed in the second stage of screening, can be considered as a predictive test for the incidence of PE to stop the risk of PE in pregnant women, and with special midwifery care in pregnant women at higher risk, one can take some steps to improve the health of the mother and the newborn. Thus, this study was aimed to determine the relationship between inhibin A serum levels during the second stage pregnancy screening tests and incidence and severity of preeclampsia.

2. Material and Methods
=======================

2.1. Research design and participants
-------------------------------------

In this study, 300 pregnant women who referred to Kowsar Hospital in Urmia city, Iran from September 2014 to March 2015, were enrolled. The women, who were at the gestational age of 16 to 20 weeks, carried out second stage pregnancy screening tests due to the recommendation of specialists. All subjects who had the above conditions for performing second stage screening tests referred to the lab, and a questionnaire containing the demographic characteristics of each person was recorded, and informed consent was obtained to use the outcomes of their usual tests for research objectives.

2.2. Selection criteria
-----------------------

### 2.2.1. Inclusion criteria

Inclusion criteria were lack of multiple pregnancy, history of diabetes, history of PE in previous pregnancies, chronic diseases such as kidney, liver and heart problems, chronic blood pressure, collagen vascular disease and having indication for second stage screening-test recommended by Kowsar hospital specialists in a single laboratory.

### 2.2.2. Exclusion criteria

Exclusion criteria were awareness of history of diabetes during study, increasing BMI greater than or equal to 35, and lack of satisfaction to continue the study.

2.3. Screenings and data collection
-----------------------------------

After obtaining informed consent, 5cc of the blood sample of each pregnant woman was procured under sterile conditions, which was a part of the second screening test, and the samples were centrifuged. Then they were placed at −4 °C and serum level of inhibin A was measured by Enzyme-linked immunosorbent assay (ELISA) method. All pregnant women in the study were first registered through a questionnaire with specification, contact number and address of the place of residence, previous medical records, and height and weight measurement along with gestational age based on the ultrasound. The second screening step involved a blood test between 14 weeks, and 20 weeks and 6 days. For either blood test, 5 mL of blood is required in a plain vial with no anticoagulant. The blood can be drawn at any major pathology blood collection center, and is then delivered to the appropriate laboratory with an accompanying specific request form. The combined test \[maternal serum markers, including α-fetoprotein (AFP), free-β-human chorionic gonadotropin (free-β-hCG) and unconjugated estriol (uE~3~) or inhibin A, combined with gestational age and maternal weight or age\] for Down's syndrome (DS) is now well established for singleton pregnant women ([@b14-epj-10-6186]). Finally, all postpartum data were collected through a maternity case of the subjects studied, in a questionnaire containing information such as maternal age, BMI at the beginning of pregnancy, gestational age, delivery reason, delivery method, serum level of inhibin A in the screening tests of the second stage, and blood pressure of delivery. In cases of high blood pressure, accompanied by delivery time, symptoms including headaches, visual impairment, nausea and vomiting, upper abdominal pain, oliguria, or seizures, laboratory information including CBC and hepatic and renal tests, and the level of urine protein were also recorded. Five ml of venous blood were taken in sterile conditions and used for the second phase of pregnancy screening tests (pregnancy screening tests in the second stage including βhCG tests, a-feto protein, inhibin A, and non-ketamine estradiol, which is measured at the gestational age of 16 to 20 weeks) from all the subjects included in the study, which included the serum level of inhibin A. The data were collected using a questionnaire and using the delivery records of the subjects. The variables studied in this questionnaire included maternal age, BMI at the beginning of pregnancy, gestational age at time of delivery, spontaneous or induced delivery, delivery method, inhibin A serum level in the second stage screening tests, delivery time blood-pressure (maximum blood pressure or average blood pressure last 12 hours before delivery). Symptoms at the time of delivery were headache, visual impairment, nausea and vomiting, upper abdominal pain, oliguria and seizure. In addition, laboratory information including CBC, liver function tests, renal tests and urinary protein levels were also recorded.

2.4. Data analysis
------------------

Concerning the assessment of predictive value of the inhibin A test for PE, the percentage of sensitivity, specificity, positive predictive value, negative predictive value, the ratio of positive and negative likelihood, and the percentage of agreement reached based on the Kappa statistic, were examined. To calculate sensitivity and specificity, the results of the test were compared with the definitive diagnostic results of PE with confirmed clinical and laboratory measures. Finally, the results were calculated with the critical point of percentile 90% for data and with MoM≥1.25 sensitivity and specificity of the results. Fisher's exact test was used to measure the relationship between the bivariate quantitative outcome, and Chi-square test was used for multivariate variables. The data were analyzed using SPSS software version 18. P-values less than 0.05 was considered significant.

2.5. Ethical considerations
---------------------------

This study was approved by an ethics committee with No. 9401321907. The information used in the study was fully confidential; the participation in this study presented no harm to the mother, or her child. As there was no intervention in this study, and all the measures were parts of the current standard activities for pregnancy period care and its outcome, no cost was imposed on the population sample, and participants entered the study after obtaining an informed consent form.

3. Results
==========

In this study, 300 pregnant women were examined. Among the subjects, 6 cases (2%) had the experience of a single incidence of intrauterine fetal death. Thirteen cases (4.3%) had the experience of one case infant death after birth, 82 cases (27.3%) had abortions under the 20th week, of which 56 cases (18.7%) had one abortion, 24 cases (8%) two abortions, and 2 cases (0.7%) three abortions under the 20th week. Thirty-nine pregnancies (13%) were completed in less than 37 weeks, and the rest at week 37 and on. Of these 300 subjects, 106 cases (35.3%) had the termination of pregnancy through induction and 194 had spontaneous deliveries, of which 156 (52%) were vaginal delivery and 144 (48%) were cesarean delivery. The average weight of infants at delivery was 3228.03±524.84 grams: the lowest birth weight was 400 grams and the highest was 4,700 grams. Fifteen cases (5%) of infants weighed less than 2,500 grams ([Table 1](#t1-epj-10-6186){ref-type="table"}). Routine examinations were performed for gestational hypertension and PE during hospitalization of patients. Six patients (2%) had gestational hypertension and 14 (4.7%) had PE, of whom 8 (2.7%) had severe symptoms of PE. The prevalence of PE in the studied population was 4.66%. Moreover, 5 cases (1.7%) had urinary protein +3 and more, 5 cases (1.7%) had intrauterine growth restriction, 8 cases (2.6%) had headache, one case (0.3%) had blurred vision, 3 cases (1%) had epigastric pain symptom, 7 cases (2.3%) had nausea and vomiting, and there were no cases of creatinine greater than 1.1 nor were there any cases of oliguria or seizures ([Table 2](#t2-epj-10-6186){ref-type="table"}). Moreover, of the whole population, in 15 cases (5%), infants weighed less than 2,500 grams, of whom 5 cases were in PE infants. ([Table 2](#t2-epj-10-6186){ref-type="table"}). Among 107 people with inhibin A of MOM equal to or more than 1.25, 12 subjects (4%) had PE and of 193 subjects with inhibin A of MOM less than 1.25, two subjects (0.7%) had PE. Thus, 11.21% of subjects with MOM ≥1.25 had PE and 1.03% of those with MOM\<1.25 (p\<0.0001, Fisher's exact test) ([Table 3](#t3-epj-10-6186){ref-type="table"}).

The Kappa test statistic was 0.014. The sensitivity of inhibin A with MOM ≥1.25 in predicting PE was 83.83%, its specificity 65.30%, positive predictive value 4.67%, negative predictive value 99.48%, positive likelihood 2.41, and negative likelihood 0.24, and its diagnostic accuracy was 65.66%. The value of inhibin A in percentile 90% was 329 pg/ml, where 272 (90.6%) subjects had inhibin A less than percentile 90%, and 28 (9.3%) subjects had a high concentration of inhibin A above 90%. Of 272 subjects under 90%, 11 had PE and 28 of them had percentile over 90%, and 3 had PE. This difference with p=0.132 is not statistically significant. Among 6 patients who had gestational hypertension; in 2 cases (33.3%), the level of inhibin A with MOM ≥1.25, and in 4 cases (66.7%), levels of inhibin A with MOM\<1.25. From among 294 patients with negative gestational hypertension, in 105 cases (35.7%), the level of inhibin A was MOM≥1.25, and in 189 cases (64.3%), the level of inhibin A was MOM\<1.25. The relationship between the level of inhibin A and gestational hypertension was p=0.643 according to Fisher's exact test ([Table 4](#t4-epj-10-6186){ref-type="table"}). The Kappa test statistic is 0.904. The level of inhibin A with MOM ≥1.25 in the prediction of gestational hypertension was 33.33%, its specificity was 64.28%, positive predictive value was 1.86%, negative predictive value was 97.92%, positive likelihood was 0.93 and negative likelihood was 1.03, and finally, its diagnostic accuracy was 63.66%. Among 8 patients with severe symptoms of PE, in 7 cases (87.5%), the level of inhibin A was MOM ≥1.25; and in 1 case (12.5%) the level of inhibin A was MOM\<1.25. Among 292 patients with negative gestational hypertension, 100 cases (34.2%) had level of inhibin A with MOM ≥1.25 and in 192 cases (65.8%) levels of inhibin A with MOM\<1.25. The relationship between the level of inhibin A and the gestational hypertension based on Fisher's exact test was (p=0.004) ([Table 5](#t5-epj-10-6186){ref-type="table"}). The Kappa test statistic is 0.002. The sensitivity of inhibin A with MOM ≥1.25 in predicting PE was 87.50%, its specificity 65.65%, positive predictive value 6.54%, negative predictive value 99.48%, positive likelihood 2.54, and negative likelihood 0.19, and its diagnostic accuracy was 66.33%. In addition, the mean likelihood ratio for the quadruple test was 1.68±0.24 and about MOM ≥1.25 inhibin A was 2.41 for PE, which showed it was higher in inhibin A compared to the quadruple test. Moreover, Fisher's exact test was used to determine the relationship between the levels of inhibin A with MOM ≥1.25 with evidence of PE severity. The gestational age was less than 37 weeks (p=0.722), delivery method (p=0.279), platelet less than 100000 (p=0.357), urine protein +3 (p=0.352), headache (p=0.001), blurred vision (p=0.357), epigastric pain (p=0.045), nausea and vomiting (p=0.009), weight of the infant less than 2,500 g (p=0.138), and intrauterine growth constraint (p=0.056) was measured ([Table 6](#t6-epj-10-6186){ref-type="table"}).

4. Discussion
=============

The outbreak of PE in this study was 4.66%, which is less than its prevalence in other studies, which may be due to the selection of the population and the elimination of underlying factors. The results of this study showed that the level of inhibin A is connected to the incidence of PE and its severity (p=0.0001 and p=0.004, respectively). Other studies confirmed the relationship between inhibin A and PE, ([@b16-epj-10-6186], [@b17-epj-10-6186]). Muttukrishna et al. ([@b16-epj-10-6186]) studied the levels of inhibin A in 20 women with PE and 20 women with normal pregnancies who were in line in terms of the gestational age and parity and maternal age with the case group. The authors pointed out that the mean serum level of inhibin A in patients with normal blood pressure was 0.36 ng/ml, while in PE patients it was 3 ng/ml. In the study by H. Laivuori et al. ([@b17-epj-10-6186]), which was on pregnant women in the third trimester, the authors confirmed that activin A, inhibin A, and Pro-alpha C significantly increased in PE. The mean level of inhibin A in the normal blood pressure in this study was 882 ng/L; but in the PE group, it was 1691 ng/L (p\<0.003). The researchers concluded that increased levels of these markers are also related to proteinuria (p\<0.002). In this study, at odds to the findings of the study above, no relationship was found between the level of inhibin A and proteinuria +3 (p=0.352). The reason for this can be due to the difference in the definition of variables in the two studies. In the present study, inhibin A level was taken into account as a discrete variable and its positive or negative relation with the rate of proteinuria +3 and higher was measured in patients. However, in the above study, the relationship between levels of inhibin A with proteinuria was continuously measured. In the present study, there was a significant relationship between headache and nausea and vomiting with PE severity symptoms. Moreover, in this study, the sensitivity of inhibin A in diagnosing PE was 73%, which was 83.83% in our study, which was in line with similar studies in terms of sensitivity ([@b18-epj-10-6186]). Moreover, in the present study, the positive predictive value of inhibin A was 4.67% in the prediction of PE and 99.48% negative predictive value. This proves that the serum level of inhibin A is more useful and accurate in identifying healthy individuals and taking them out of a steady monitoring process than in identifying patients. According to the findings, the mean level of inhibin A in patients without PE was 203.88±89.79 μg/ml and in PE patients 283.78±97.97 μg/ml. These two did not have statistically significant differences. Furthermore, 90% percentile of serum levels of inhibin A could not predict the incidence of PE. Unlike the present study, in their study; Krissada et al. ([@b18-epj-10-6186]) signified that the mean serum level of inhibin A in PE patients (1229 pg/ml) was significantly (p=0.002) higher than those with normal blood pressure (839 pg/ml). The present study bore another finding too, which was the significant relationship between the level of inhibin A in the blood sample of pregnant women during the second stage screening with severe PE (P=0.004). This was similar to the findings of Vorapong et al. ([@b19-epj-10-6186]) who examined inhibin A in the third trimester to evaluate the severity of PE. In their study, they found that levels of inhibin A increased with increased severity of PE. In comparison with pregnant women with normal blood pressure, MOM of inhibin A was 1.24 and 1.79, respectively, in mild and severe PE patients. The mean serum level of inhibin A in patients with severe PE was significantly higher than in mild PE group. However, in another study examining the levels of inhibin A in patients with PE or gestational pressure compared with control groups with normal blood pressure, Silver et al. ([@b20-epj-10-6186]) observed the overlap of inhibin A level in the case and control group. In this study, though there was a significant increase in serum levels of inhibin A in patients with severe PE, there was an overlap between subgroups of mild and severe PE. Thus, they concluded that the level of inhibin A is not useful in differentiating the mild and severe form of inhibin A. This overlap is seen in the study of Krissada et al. ([@b18-epj-10-6186]) and Vorapong et al. ([@b17-epj-10-6186]) as well. The difference between the stage of the start of PE, the genetic field, or the volume of samples in these studies may justify these differences. Regarding the study limitation, the small sample size of our study was potential limitation. It is suggested that further research be conducted prospectively with large sample size.

5. Conclusions
==============

Based on the present research, one can conclude that the MOM of serum level of inhibin A in the blood sample of pregnant women during second stage screening can be effective and predict the occurrence of PE and severe PE. Nonetheless, this marker is ineffective in predicting pregnancy blood pressure. However, using this serum marker in the series of second-stage screening test, one can determine PE risk initially in pregnant women and improve maternal and infant health prospects via this with special obstetric care in pregnant women at higher risk.
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###### 

General characteristics of the studied population

  Variable                                        Frequency (%)   
  ----------------------------------------------- --------------- ------------
  Gravidity                                       ≤2              205 (68.3)
  ≥3                                              95 (31.7)       
  The number of children                          Nulliparous     138 (46)
  1--2                                            154 (51.3)      
  ≥3                                              8 (2.7)         
  Gestational age while taking samples (weeks)    16--17          169 (56.3)
  18--19                                          77 (25.7)       
  20                                              14 (4.7)        
  Gestational age during delivery (weeks)         \<37            34 (11.3)
  ≥37                                             266 (88.7)      
  Delivery method                                 Vaginal         156 (52)
  Cesarean section                                144 (48)        
  Cause of delivery                               Induction       106 (35.3)
  Spontaneous                                     194 (64.7)      
  Infants weight; Mean ±SD: 3228.03±524.84        \< 2500 gr      400
  \>4500 gr                                       4700            
  Gestational age (weeks); Mean ±SD: 38.59±2.14   \<37            24
  \>42                                            43              

###### 

Total and accumulative frequency of severity of PE complications

  Complication                                                       Frequency   \%
  ------------------------------------------------------------------ ----------- -----
  Systolic blood pressure equal to and above 160 mmHg                6           2
  Diastolic blood pressure equal to or greater than 110 mmHg         4           1.3
  Platelet less than 100,000                                         1           0.3
  The transaminase level at least twice the normal value             1           0.3
  LDH greater than or equal to 1.5 times the normal value            1           0.3
  Protein urine 3+ or more                                           5           1.7
  Restriction of intrauterine growth based on ultrasound diagnosis   5           1.7
  Headache symptom                                                   8           4
  Blurred vision symptom                                             1           0.3
  Epigastric pain symptom                                            3           1
  Nausea and vomiting                                                7           2.3

###### 

The relationship between MOM≥1.25 inhibin A and PE

  Preeclampsia   Inhibin A                   
  -------------- ------------- ------------- -------------
  Yes            12 (4%)       2 (0.7%)      14 (4.7%)
  No             95 (31.7%)    191 (63.7%)   286 (95.3%)
  Total          107 (35.7%)   193 (64.3%)   300 (100%)

p=0.0001

###### 

The relationship between 90% percentile inhibin A and PE

  Preeclampsia   90% percentile of inhibin A         
  -------------- ----------------------------- ----- -----
  Yes            3                             11    14
  No             25                            261   268
  Total          28                            272   300

p=0.132

###### 

Table of the correlation between inhibin A MOM≥1.25 and severe PE with gestational hypertension

  Variable                   Level of inhibin A   MOM≥1.25      MOM\<1.25     Total      p-value
  -------------------------- -------------------- ------------- ------------- ---------- ---------
  Severe preeclampsia        Yes                  7 (2.3%)      1 (0.3%)      8 (2.7%)   0.004
  No                         100 (33.3%)          192 (64%)     292 (97.3%)              
  Total                      107 (35.7%)          193 (64.3%)   300 (100%)               
  Gestational hypertension   Yes                  2 (0.7%)      4 (1.3%)      6 (2%)     0.643
  No                         105 (35%)            189 (63%)     294 (98%)                
  Total                      107 (35.7%)          193 (64.3%)   300 (100%)               

###### 

The relationship between inhibin A level and pregnancy variables

  Evidence of severity of preeclampsia                          p-value[\*](#tfn3-epj-10-6186){ref-type="table-fn"}
  ------------------------------------------------------------- -----------------------------------------------------
  Gestational age less than 37 weeks                            0.722
  Transaminases more than twice the normal value                0.357
  Platelet less than 100,000                                    0.357
  Headache                                                      0.001
  Blurred vision                                                0.357
  Epigastric pain                                               0.045
  Nausea and vomiting                                           0.009
  Infant weigh less than 2,500 grams                            0.138
  Serum LDH 1.5 times the normal value                          0.357
  Constraint of intrauterine growth                             0.056
  3+ urine protein                                              0.352
  Systolic blood pressure equal to or greater than 160 mm Hg    0.191
  Diastolic blood pressure equal to or greater than 110 mm Hg   0.618

All p-values were measured by Fisher's exact test.
